Abducens conditioning in in vitro turtle brain stem without cerebellum requires NMDA receptors and involves upregulation of GluR4-containing AMPA receptors.
Previous work showed that in vitro abducens eyeblink classical conditioning of turtle brain stem-cerebellum preparations involved NMDA-mediated mechanisms and redistribution of GluR4-containing AMPA receptors in the abducens motor nuclei. Since conditioning can be obtained in brain stem preparations without the cerebellum, we examined whether similar mechanisms were involved during conditioning of the brain stem alone. The results showed that conditioning could not be induced in the presence of the NMDA receptor antagonist dl-2-amino-5-phosphonovaleric acid (AP-5) and that abducens nerve conditioned responses, once initiated in normal saline, were significantly attenuated in the presence of AP-5. The effects of AP-5 did not generally depress physiological responsiveness of preparations because some abducens nerve reflexes were not significantly reduced by the compound. GluR4-containing AMPA receptors in the abducens motor nuclei were significantly upregulated and positively correlated with the levels of conditioning similar to that of preparations having an intact cerebellum. Furthermore, increased GluR4 subunits after brain stem conditioning was confirmed by Western blot analysis. These results suggest that NMDA receptor-mediated mechanisms and GluR4 upregulation may mediate in vitro abducens eyeblink classical conditioning and that these mechanisms reside in the brain stem eyeblink circuitry.